findings demonstrate that exocytosis regulates BMP secretion and E-cadherin membrane targeting in the GSC niche ( Figure 1A,B) .
To test if adherens junctions are required for localized activation of BMP signaling in the GSC niche, Michel et al. [12] knocked down E-cadherin in niche cells but failed to detect any changes in BMP activation in the GSC-niche junction [12] . Unfortunately, adherens junctions remain intact in the absence of E-cadherin based on b-catenin/Armadillo expression, probably due to N-cadherin expression in the GSC niche. For the time being, it thus remains uncertain whether adherens junctions are required for localized BMP activation.
The study by Michel et al. [12] has, for the first time, directly shown that BMP activation is restricted to adherens junctions at the stem cell-niche interface, and that BMP secretion and E-cadherin membrane targeting require exocytosis and recycling endosomes in the GSC niche [12] . However, three important questions remain to be addressed. The first question is whether localized BMP signaling activation at adherens junctions is biologically important. A recent study [15] has shown that statdepleted GSCs displaced from the hub due to E-cadherin downregulation can still maintain BMP signaling and self-renewal, casting some doubt on the biological importance of adherens junctions for BMP signaling. Possibly, BMP receptor complexes are co-localized to adherens junctions; without adherens junctions, BMP signaling activation may be not localized but could still proceed normally ( Figure 1C ). To definitively answer this question, depletion of both E-cadherin and N-cadherin or b-catenin/Armadillo from the niche could be used to further test if adherens junctions are required for activating BMP signaling in GSCs ( Figure 1D ).
The second question is whether the TIPF reporter can faithfully capture BMP signaling activation in GSCs. Recently, cyst stem cells have been proposed to be the major BMP source for GSCs [15] , but TIPF fails to detect BMP signaling activation in the cyst stem cell-GSC interface. This raises the concern that TIPF may not fully reflect BMP signaling activation. It will be important to generate a similar reporter for detecting SAX activation in the GSC niche. The last question is whether E-cadherin and BMP are co-transported or transported independently using the same pathway, and whether adherens junctions are required for proper BMP targeting ( Figure 1A,B) . Answers to these questions will surely help better understand the role of adherens junctions in the regulation of BMP signaling in the GSC niche as well as in other systems. tailored spaces -but the benefits of compartmentalization require communication across membrane boundaries. Accordingly, cells evolved the ability to mold membranes into spheres and tubules in order to make connections between organelles or exchange material with the outside world. In every cell, fleets of transport vesicles are fetching and delivering proteins and lipids with a specificity that remains largely unexplained. A new study by Pranke et al. [1] now provides insight into the chemistry underlying vesicle recognition and advances our understanding of a protein implicated in Parkinson's disease -a-synuclein.
Since the discovery of membrane curvature sensors [2] , we have learned a great deal regarding the mechanism(s) by which proteins detect degrees of curvature in order to identify vesicles, tubules or cisternae [3] . During the same time period, our knowledge of the diversity of functions that appear to be regulated by membrane curvature-sensing factors has expanded from trafficking pathways to include cytokinesis, pathogen invasion, phosphoinositide metabolism and nuclear pore biogenesis [4] [5] [6] [7] . However, curvature is not the only property of membranes that sensors may be tuned to recognize. Small GTPases and phosphorylated inositol head-groups are well-known signposts for different compartments [8, 9] . Bulk lipid content also varies between organelles and has strong effects on the physical properties of membranes. For example, the nuclear envelope and endoplasmic reticulum (ER) have low sterol concentrations and are enriched for neutral, mono-unsaturated ('kinked') glycerophospholipids [10] . In contrast, the plasma membrane and endo-lysosomal compartments have abundant sterols and anionic lipids like phosphatidylserine [11] . Moreover, the sphingolipids and the glycerophospholipids of the plasma and endo-lysosomal membranes are more likely to possess saturated or polyunsaturated acyl chains [12] .
These differences have led to the suggestion that a basic organizing principle for the endomembrane system may be the absence of compartments that combine a high density of anionic surface charge with loose lipid packing [3] . But whether cells have sensors to discriminate between these bulk bilayer properties has not been addressed directly -until now. Put another way, Pranke et al. [1] asked whether the curvature sensors of the early secretory pathway have adapted to the lower surface charge and looser lipid packing found at the ER and early Golgi, while curvature sensors of the endo-lysosomal system have adapted to depend largely on electrostatic forces. To test this idea they compared the bilayer-binding properties of two amphipathic helices, each having been demonstrated previously to have curvature-sensing activity despite being extremely different in primary sequence [13, 14] . The first was the amphipathic lipid-packing sensor (ALPS) of the golgin GMAP-210. The second was the amino terminus of a-synuclein, a synaptic protein that has been studied extensively because of its role in Parkinson's disease.
Multiple studies have reinforced the concept that ALPS motifs, including the one found in GMAP-210, bind specifically to highly curved membranes because they have robust hydrophobic faces composed of bulky amino acids (tryptophan, phenylalanine, leucine), but few or no cationic residues along their polar faces ( Figure 1A ) [3] . Without charged residues, the membrane partition coefficient is determined predominantly by hydrophobic forces. Single-liposome imaging assays and atomistic simulations confirm that packing defects increase in number with increasing degrees of convexity [15, 16] . These defects are not just greasy pockets that can accommodate ALPS-like sequences. Simulations suggest that, even on highly curved membranes, packing defects large enough to accommodate the hydrophobic face of just 2-3 turns of an amphipathic helix rarely form spontaneously [15] . However, large defects are observed through cooperative coalescence as amphipathic sequences fold into helices within the interfacial plane between the aqueous cytosol and the hydrocarbon core of the membrane. Specifically, simulations of convex membranes can actually drive amphipathic helix folding by w3 kcal/mol, while flat and concave membrane surfaces inhibit helix folding by trapping unfolded peptides kinetically. Importantly, when charged residues (e.g. lysines) are substituted for neutral ones (e.g. threonine), ALPS sequences lose their specificity for high degrees of curvature and bind to approximately flat membranes [1, 17] . a-Synuclein is at the opposite extreme in terms of amphipathic properties. The polar residues of a-synuclein are cationic lysines and arginines at the interface between the hydrophilic and hydrophobic faces, and its hydrophobic face consists of small residues like valine and alanine [18] ( Figure 1B) . When Pranke et al. [1] considered the lipid content of endocytosed synaptic vesicles versus the early secretory pathway, it struck them that the meager hydrophobic face of a-synuclein might be adapted to intercalate into membranes enriched for saturated acyl chains (with relatively few packing defects) and an abundance of anionic phosphatidylserine and phosphoinositides. In accordance with their hypothesis, in vitro assays confirmed that a-synuclein discriminates between vesicles by both size and the presence of anionic head-groups. Replacing small hydrophobic amino acids with bulkier ones abolished a-synuclein's ability to discriminate smaller from larger vesicles.
These extreme contrasts in amphipathic chemistry reveal that membrane curvature sensing is heterogeneous and can be driven by a differential weighting of electrostatic versus hydrophobic forces. In the case of ALPS motifs, curvature sensitivity can be impaired by enhancing electrostatic interactions. In the case of a-synuclein, curvature sensitivity can be impaired by enhancing hydrophobic interactions. In both cases, the new data remind us that cellular sensors are usually weak binders that have traded affinity for specificity. It also strengthens the notion that factors that drive curvature generation in vivo may be distinguished from curvature sensors by their ability to oligomerize and exploit avidity. Sensing versus inducing curvature are the same phenomenon sampled at different points along concentration-dependent binding curves, but weak binders that oligomerize upon the membrane are more likely to drive deformation rather than simply detect curvature in vivo [19, 20] .
Going beyond their in vitro characterizations of membrane binding, Pranke et al. [1] also report on some remarkable observations in vivo. Since neither GMAP-210 nor a-synuclein exist in budding yeast, the authors rationalized that they would be less likely to have specific protein-protein interactions when expressed in yeast that could affect their targeting to vesicles of different lipid content. When expressed in yeast, fluorescent and electron microscopic visualization confirmed that these sensors are targeted to distinct classes of vesicles. GMAP-210 was targeted to peri-ER clusters of w50 nm vesicles. a-Synuclein was targeted to clusters of more heterogeneous vesicles juxtaposed to the plasma membrane. Co-expression of GMAP-210 (mCherry) and a-synuclein (GFP) indicated that these clusters of vesicles were distinct in that they did not overlap or mix. In a clever control, the authors inverted the amphipathic sequences in order to preserve membrane partitioning properties while disrupting any potential protein-protein interactions that could be affecting in vivo observations. The most parsimonious interpretation of their data is that the in vitro binding results for the amphipathic helices formed by GMAP-210 and a-synuclein reflect their in vivo targeting properties, with GMAP-210 being tuned to bind neutral vesicles of the early secretory pathway and a-synuclein being tuned to bind anionic vesicles derived from endocytosis.
In general, our knowledge of the biological roles of membrane curvature sensors is still limited and, in particular, our understanding of the roles of GMAP-210 at the Golgi and of a-synuclein at the synapse remains incomplete. The recent report by Pranke et al. [1] has deepened our appreciation of the physical principles underlying membrane curvature sensing while raising new questions about their physiological roles. In particular, GMAP-210 and a-synuclein target vesicles that appear by electron microscopy to be uncoated and very tightly clustered together, suggesting that the heterologous presence of these proteins interferes with tethering, docking, or fusion steps. Future work inspired by this paper may uncover novel roles for these contrasting amphiphiles in regulating the fusion of early secretory vesicles with the cis-Golgi or in preparing recycled synaptic vesicles for another round of exocytosis.
